ABSRACT
INTRODUCTION
The notion that hypercholesterolemic individuals can lower their risk of heart disease and atherosclerosis by adopting strategies including diet and exercise to normalize blood lipid profiles has gained widespread acceptance (1) . Endurance trained athletes exhibit an anti-atherogenic lipid profile compared with their untrained cohort that is characterized by elevated high density lipoprotein cholesterol (HDL-C) combined with lower triglycerides (TG) concentrations (2) . Total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) concentrations may be lower in trained athletes as well, (3) although this finding is not universal.
(4)
Furthermore, in previously sedentary individuals, sufficient amount of exercise training is often, but not invariably, accompanied by an increase in HDL-C and a decrease in TG concentrations (5,6) . However, these findings are not beyond dispute. Davis et al. did not find significant changes in lipids or apolipoprotein concentrations in trained men after 60 and 90 minutes of exercise. When lipid changes have been reported to occur after exercise, the time of onset and the temporal decay of the response varies widely. Also, it is not clear whether regular exercise training or a single session of exercise will exert changes in lipid profiles of hypercholesterolemic individuals comparable to those occuring in their normocholesterolemic counterparts. So, the controlled clinical study in lipid pattern in response to programmed acute and chronic exercise training in untrained persons is more likely to be relevant to evalute exercise effect on the risk of coronary heart disease.
(1)
The possible mechanisms by which exercise could directly modify lipid metabolism have been widely studied. Leptin term exercise which is independent on changes in body weight and plasma insulin. Furthermore, the relationship between post-exercise related changes in leptin with concomittent changes in plasma lipids is yet to be determined.
The aim of the present work is to investigate the effect of acute and chronic exercise on plasma lipids in obese and nonobese sedentary hyperlipidemic patients, in relation to circulating levels of leptin. Table I demonstrated anthropometric data of studied groups. All groups were comparable as regard the mean age and height whereas obese groups (group II and IV) had statistically higher mean values of body weight (p<0.01) and BMI (P<0.01) than the control group. However the body weights and body mass indices did not change over the course of the entire study. Table II showed that there was no significant difference between normolipidemic subjects (group I and II) as regard the serum lipid concentration (TC, TG, HDL-C, and LDL-C). In turn, all lipid profile parameters, apart from HDL-C, were significantly higher in hyperlipidemic subjects (group III and IV) than controls.
SUBJECTS & METHODS

RESULTS
After single bouts of exercise, all groups demonstrated no significant changes in studied lipid profile parameters including TC, TG, HDL-C, LDL-C and VLDL-C. (Table II) . Also, endurance exercise training induced significant lowering effect on cholesterol in all groups including control (p<0.001) and obese (p<0.0001) normolipidemic and lean (p <0.0001) and obese (p<0.0001) dyslipidemic subjects. Also, exercise training significantly decreased triglycerides in group I (p< 0.002), group II (p<0.001), group III (p<0.003) and group IV (p< 0.001) and also significantly reduced LDL-C levels in group I (p<0.0001), group II (p<0.001), group III (p<0.01) and group IV (p<0.0001). In turn, this exercise program caused significant elevation in HDL-C in normolipidemic obese (p<0.05) and hyperlipidemic lean (p<001) and obese subjects (p<0.05), meanwhile VLDL-C demonstrated significant reduction in group I (p<0.05), group II (p<0.001), group III (p<0.0001), and group IV (p<0.001) after 12-week endurance exercise.
Table II also demonstrates that there was no significant effect of a single bout of exercise on the level of serum leptin concentration compared to pre-exercise values. In contrast, chronic exercise, twice weekly for 12 weeks, induced significant reduction in serum leptin concentration in normolipidemic lean (p<001) and obese (p<0.0001) subjects and dyslipidemic lean (p<0.001) and obese (p<0.001) subjects compared with their basal values. Table III shows that serum leptin levels were significantly higher in normalipidemic obese subjects (p< 0.0001) and obese (p<0.0001) and non obese (p<0.0001) hyperlpidemic groups compared with the leptin level in lean normolipidemic control group. There were no significant correlations between basal serum leptin levels with any basal serum lipid profile parameters in the four studied groups. Figure 1 shows the post-exercise training responses (expressed as percentage from the baseline) of the studied lipid parameters among all groups. The response of all lipid profiles were comparable in normolipidemic lean and obese groups. The highest responses were demonstared among the lean hyperlipidemic groups concerning the percent change after exercise training in TC (p<0.01 and < 0.01 ), TG (p<0.01 and < 0.01 ) HDL-C (p<0.05 and < 0.05 ) and VLDL-C (p<0.05 and < 0.001) compared to responeses to this exercise training in both normolipidemic groups and obese dyslipidemic group respectively. Figure 1 also demonstrated that there were no significant differences in responses of leptin to exercise training (assessed by percent reduction from the basal values) among studied groups. Moreover, there was no significant correlations between the post-exercise percent reduction in leptin level and the degree of post-exercise changes in any of the measured lipid patterns in the four studied groups after long term exercise. Obese dyslipidemic * NS ** p < 0.01 *** p < 0.01 * NS ** p < 0.01 *** p < 0.01 * NS ** NS *** NS * NS ** p < 0.05 *** p < 0.01 * NS ** NS *** NS * NS ** p < 0.05 *** p < 0.05 * p is determined by student "t" test for unpaired values comparing responses in group I vs group II ** p is determined by student "t" test for unpaired values comparing responses in group I vs group III *** p is determined by student "t" test for unpaired values comparing responses in group III vs group IV
DISCUSSION
In the present study, serum leptin levels were significantly increased not only in obese groups but also in lean hyperlipidemic subjects compared with control subjects. No significant relations were found between serum leptin level and the levels of serum TC, LDL-C, VLDL-C, HDL-C or TG neither in the combined hyperlipidemic groups nor in the controls. High intensity endurance training exercise induced significant decreases in TC, TG, LDL-C and VLDL-C as well as increase in HDL-C associated with concurrent significant decrease in serum leptin concentration in obese and non-obese hyperlipidemic subjects, a finding that was independent of changes in body weight.
Leptin, an adipocyte derived hormone, plays an important role in an energy homeostasis by signaling the brain about the amount of adipose tissue stored in the body.
(8) In our data, the concomitant increased leptin level with dyslipidemic state in obese and lean groups support the notion that leptin seems to be associated with other markers of the metabolic syndromes such as hyperlipidemia independently of changes in adiposity. The relationship between serum leptin concentration and serum lipids and lipoproteins are not clear. It has been revealed that an acute and substantial fall in plasma lipid concentration occurred in ob/ob mice, but not in db/ob mice, when treated with even low dose of leptin that does not affect food intake or body weight. (26) However, the ability of triglycerides to inhibit leptin transport into the brain completes a negative feedback loop between leptin action and triglycerides.
(25)
Our observations were consistent with other in vivo and in vitro studies However, most of the information available on leptin-induced changes in lipid metabolism has been obtained in vitro and the difference in lipid metabolism between rodent and human makes the comparison more complicated.
After single session of exercise, there were no significant changes in neither plasma lipids nor serum leptin in all groups. In accordance with our data, it was recorded that raising exercise intensity from 25% to 65% of maximal oxygen consumption (VO 2max ) appeared to increase lipolysis in association with increasing plasma epinephrine concentration. When exercise intensity increases from 65 to 85% VO 2-max , lipolysis plateaus despite further large increase in plasma epinephrine concentration.
(29) The increasing level of plasma insulin with the graded epinephrine concentrations may have modulated the full effect of epinephrine-stimulated lipolysis.
(30) In contrast, results presented in previous studies found that increased LPLA and HDL-C and decreased TC concentration 24-48 hours after prolonged exercise at 75% but not at 60% of VO 2-max in studies in both trained and untrained individuals. On the other hand, the absence of significant change in serum leptin in short term exercise study may be due to the limited energy expenditure that reported to upregulate and downregulate leptin expression.
(32)
Also, the reported diurnal rhythm of leptin concentration that depended on energy or carbohydrate availability and did not affect 24 hour leptin concentration (33) is more likely to be beyond acute exercise-related effect in our data.
Standardized exercise training program displayed favorable significant changes in the lipid profile, associated with significant decrease in serum leptin concentration in our combined hyperlipidemic subjects (lean and obese). The potential mechanism for increased HDL-C concentration may be increased LPLA. LPL is involved with TG degradation, providing substance material for HDL-C production and is known to be metabolically active several hours after exercise cessation.. A second potential mechanism for our finding of increased HDL-C concentration may decreased cholesterol ester transport protein (CETP) activity that facilitate transfer of cholesterol ester and triglycerides between HDL and other lipoprotein (HDL-C and LDL-C).
(34) In addition, hepatic lipase activity that involved in HDL-C metabolism was decreased immediately after exercise in most of exercise protocols.
(35) Many studies have shown that moderate intensity to high intensity exercise training (>60% VO 2-max ) could alter lipolytic response to beta-adrenergic stimuli with increased total fat oxidation during exercise in lean and obese subjects. Further, acute bout of exercise whether performed in the untrained or the trained state, did not significantly alter the expression of gene involved in FA uptake and metabolism (FAT/CD 36 ), FABP PM , CTP 1 , -HAD) or transcription factors measured immediately at the cession of exercise or 3 hours post-exercise. In contrast, exercise training increased FA oxidation during exercise, yet this was accompanied by an increase in the expression of just two of the selected genes (FAT/CP 36 and CPT I ).
(36)
In our data, post-exercise improvement in lipid patterns in obese subjects was significantly lower than the corresponding improvement in lean subjects. However, obese subjects are known to have low activity of enzymes of -oxidation, low skeletal muscle lipoprotein lipase and impaired mobilization of fat stores. The dysregulation of FA metabolism associated with hyperleptinemia is strongly implicated with the development of insulin resistance where antilipolytic effect of insulin is reduced.
(37)
The absence of correlations between post exercise response of plasma lipids and serum leptin changes may have instead been caused by some of the concomitant metabolic interaction between leptin and other hormones such as insulin, catecholamines that influence TG turnover or fatty acid metabolism. Epinephrine or epinephrine-induced hormonal changes decreased leptin mRNA and plasma leptin in healthy men.
(38)
Insulin-stimulated leptin secretion could be inhibited by exercise-induced catecholamine and other lipolytic hormones.
(39) Other mechanisms such as the influence of exercise on expression of intrleukin-6 (IL-6) (38) and tumor necrosis factor- (TNF-) (11) in adipocytes and muscle cells have to be considered. Both leptin and TNF- are directly related and regulated by the same mechanism, the peroxisome proliferator-activated receptor family, which is also important for fatty acid metabolism and insulin sensitivity.
(11)
Numerous studies have concluded that moderate exercise training has little effect on lipid profile and leptin concentration unless combined with weight loss or change in dietary quality.
(33,39,40) However, difference between initial concentration of lipids and status of hyperleptinemia could affect the results.
Leptin reduction associated with endurance training in our study could reflect a state of improved leptin sensitivity in obese and lean hyperlipidemic subjects that might be related to concomitant post-exercise reduction of triglycerides. Exerciseinduced fall of leptin could play a central role in regulating the neuroendocrine adaptation to exercise including the hypothalamic-pituitarygonadal axis and, in part, the hypothalamic-pituitary-thyroid axis and IGF-1 binding capacity in serum.
(41) However, similar adaptive neuroendocrine and metabolic response to leptin reduction induced by alternations in nutritional state were reported in experimental protocols.
(42)
So, it is tempting to speculate that exercise-related leptin signaling reduction could restore a regulatory feed back loop where leptin acts within the hypothalamus to cause activation of central sympathetic outflow and stimulation of adrenal medullary release of epinephrine and conversely, the sympathetic nervous system activity promotes downregulation of leptin release from adipose tissue. 
